We investigated the application of the nutrient film technique (NFT) culture to tulip forcing to improve water circulation and rooting in tulip hydroponics. After precooling at 15 o C for 2 or 3 weeks, dry bulbs of 'Gander' and 'Ben van Zanten' tulips were chilled at 5 o C for 7 or 8 weeks. After chilling treatment, bulbs were planted using the NFT system and a plug tray. Tap water, controlled at 13 o C, 18 o C, or 23 o C, was supplied for 30 minutes every 3 hours without adding of fertilizer. Shoot growth increased with increasing water temperature. No stem topple or other growth disorders and flower abortions were observed. The number of days to flowering increased with decreasing water temperature. The cut flower quality improved at 13 o C water temperature. We conclude that NFT culture could be a good choice for tulip forcing by hydroponics.
INTRODUCTION
Tulip (Tulipa gesneriana L.) is considered to be suitable for forcing culture by hydroponics because 1) the plant size is relatively small, 2) the bulb accumulates a considerable amount of nutrition and grows rapidly, 3) chilling treatment can be used for to dry bulbs. The recent technique of tulip deep flow hydroponics using a special hydroponic tray (De Hertogh 1996) has the disadvantages of the occurrence of root rot caused by the restriction of water circulation or supply of oxygen, of the unstable way of fixing the bulbs on the tray, and of calcium deficiency symptoms caused by inadequate combination of nutrients and high root zone temperature (Klougart 1980; Nelson and Niedziela Jr. 1998a, 1998b) or the restricted root zone. We investigated the application of the nutrient film technique (NFT) to tulip forcing because it may improve the culture condition in the deep flow hydroponics. Figure 1 shows the NFT system we used was specially designed for a new nursery system of paddy rice seedlings called 'Long Mat' by Tasaka (1999) . It was distinguished from the ordinary NFT system by only the length of the channel and the lack of root-covering materials.
MATERIALS AND METHODS
Bulbs of 'Gander' and 'Ben van Zanten' (grown in Japan, 11-12 cm in circumference) were obtained in early August and were kept at 25 o C. From August 16, dry bulbs were precooled at 15 o C for 2 or 3 weeks and then were chilled at 5 o C for 7 or 8 weeks. After the chilling treatment, the tunic was removed from the basal plate. Then, the bulbs were planted on the 'Long Mat' NFT system in a glasshouse using a plug tray for the vegetable seedling raising, which was used due to fix the bulbs and support the plants; each bulb was crammed firmly into a cell of a 50-cell plug tray (28 X 55 cm). In the channels of 'Long Mat', a polycarbonate corrugated sheet (Takiron Co. Ltd., Japan) was laid to improve the drainage (Figure 2 ). Tap water, controlled at 13 o C, 18 o C, or 23 o C, was supplied for 30 minutes every 3 hours without adding of fertilizer (the tap water contained 1 ppm NO 3 -N). The planting density was 50 bulbs per tray. In the glasshouse plants were grown at a minimum air temperature of 8 o C under 40% shading. At the flowering stage, flowers were cut, and the length of stalk and weight of cut flowers, and the length of the perianth, were measured.
RESULTS AND DISCUSSION
Although the basal plate of the bulb was not immersed in water because the highest water level was approximately 1cm below the rooting zone of the bulb, the root started rooting and elongated smoothly. Shoot growth until 2 weeks after the planting was retarded in all treatments (Figure 3 ). In these 2 weeks, plants seemed to develop the root system. The roots developed along the groove of the corrugated sheet and supported the plants firmly. The roots seemed healthy because rot or discoloration of roots was hardly observed. The shoot grew normally without adding special fertilizer. Shoot growth was vigorous from 3 weeks after planting, and increased with increasing water temperature.
In all treatments of both cultivars, all plants flowered normally; abortions were not observed. Topple or other growth disorders due to calcium deficiency (Klougart 1980; Nelson and Niedziela Jr. 1998a, 1998b) were not also observed. The number of days to flowering increased with decreasing water temperature in all treatments (Table 1) . At 23 o C water temperature, both cultivars flowered at about 50 days after planting, irrespective of the duration of the chilling treatment. In 'Gander', the cut flower quality (the stalk length and weight of cut flower) improved in plants at 13 o C compared with plants at higher temperatures, except the treatme nt of 3 weeks at 15 o C followed by 8 weeks chilling at 5 o C. In 'Ben van Zanten', water temperature affected the stalk length of cut flowers similar to 'Gander'. We conclude that the number of days to anthesis increased, but the cut flower quality improved more in the lower root temperature treatment. Further investigation is necessary on the alternation of the water temperature according to the growth stage, because the suitable temperature is different for root growth and for shoot growth (Le Nard and De Hertogh 1993) .
In conclusion, tulip forcing by NFT is a practical and laborsaving culture technique, and it improved some weak points of the deep flow culture. We used no additional nutrients in this experiment, but if a solution containing appropriate mineral nutrients is supplied, growth will increase and the cut flower quality will improve. NFT culture may take more days for plants to flower than rooting room bulb forcing, but the growing period is variable to some extent with changing water temperature. Fig. 1 . Schema of the NFT system (Long Mat nursery system). 
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